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A t  the  request of %he Bureau of Aeronautics, Department of the  Navy, - a. 0 0  0 

00 

0.0 

a supplementary inves t iga t ion  has been made i n  t h e  Langley 20-foot f r ee -  
spinning tunnel  on a l/?O-ecale model t o  determine t h e  sp in  and recovery 
c h a r a c t e r i s t i c s  of t h e  Douglas F 4 D - 1  a i rp lane  equipped wi+,h ex t e rna l  f u e l  
tanks. 
without f u e l  tanks i n s t a l l e d  are presented i n  references 1 and 2. 

. e  

Previous spin t e s t s  conducted on a model of t h e  XF4D-1 a i rp l ane  

Model sp in  t e s t s  were conducted with t h e  ex te rna l  f u e l  tanks i n s t a l l e d  
f o r  bo th  e rec t  and inverted sp ins  f o r  t h e  normal loading condition with t h e  
center  of g rav i ty  located a t  24 percent mean aerodynmic chord. 
t h i r d - f u l l  and two-thirds-full  f u e l  tanks w e r e  simulated. Brief tests w e r e  
a l s o  made t o  determine the  parachute s i z e  required f o r  s a t i s f a c t o r y  recov- 
e r y  w i t h  f u e l  tanks ins t a l l ed .  

One- 

wing span, f t  

w i n g  area,  sq f t  

mean aerodynamic chord, f t  

r a t i o  of distance of center of g r a v i t y  rearward of leading 
edge of mean aerodynamic chord t o  mean aerodynamic chord 

r a t i o  of distance between center of g rav i ty  and fuse lage  refer- 
ence l i n e  t o  mean aerodynamic chord (pos i t i ve  when center of 
g rav i ty  i s  below l i n e )  

mass of a i rp lane ,  slugs 

moments of i n e r t i a  about X, Y, and Z body axes, respec t ive ly ,  
slug-ft 2 

ine r t i a  

iner t ia  

i n e r t i a  

yawing-moment parameter 

r 011 ing-moment parameter 

pitchlng-moment parameter 
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T i .  . 0 0.. 0 0 . 0  0 .  .. 
0 .  8.0 .. 0.. . 0 .a 0 .  . 0 0 ... 0 0  

F a i r  density, slugs/cu f t  . 
0 ci r e l a t i v e  dens i ty  of airplane,  m/pSb 

o..... 
0 .  

- 0 0  . 0 0  
0. 0 

a angle between fuselage reference l i n e  and v e r t i c a l  (approxi- 
m t e l y  equal t o  abscjlute value of angle of a t t a c k  at plane 
of symmetry) , deg 

0. 
0 .  
0 0.0 

P! angle between span axis and hor izonta l ,  deg 

v fu l l - sca l e  t r u e  rate of descent, f t  /see 

R fu l l - s ca l e  angular ve loc i ty  about sp in  ax i s ,  r p s  

APPAFWTUS, METHODS, AND PRECISION 

An ava i lab le  1/20-scale model of t he  Douglas XF4D-1 airplane used 
f o r  previous inves t iga t ions  ( r e f s .  1 and 2) was zmployed f o r  t h e  present 
invez t igs t ion .  
tanks i n s t a l l e d  t o  simulate the  F4D-1 i s  sham i n  f igu re  1. 
s iona l  cha rac t e r i s t i c s  of t he  F4D-1 a i rp lane  are e s e e n t i a l l y  tP.e same as 
:hose of the XF4D-1 (ref. 1) except tha t  t h e  trimmers on the  F4D-1 are 
s l i g h t l y  l a r g e r  and t h e  rudder i s  s l i g h t l y  smaller than on t h e  XF4D-1. 
Tie rudder f o r  t h e  F4D-1 a i rp lane  i s  constructed i n  two pa r t s :  an  upper 
rudder which i s  servo-operated and a lower rudder which i s  manually 
opersted. The upper servo-operated rudder has an area of about one-half 
t h a t  of t h e  lower manually operated rudder. The model used i n  t h i s  inves- 
t i g a t i o n  was not modified t o  incorporate these  changes s i n c e  they were 
small and  would be expected t o  have l i t t l e  or no e f f e c t  on t h e  sp in  and 
recovery c h a r a c t e r i s t i c s  of t h e  model. For the  model tests of t h i s  inves- 
t i g a t i o n ,  the complete rudder was deflected. The trimmers were def lec ted  
f o r  some of the t e s t s .  

A three-view drawing of t h e  model as t e s t e d  w i t h  f u e l  
The dimen- 

The lateral and longi tudina l  controls are combined i n t o  one p a i r  of 
con t ro l  surfaces ca l l ed  elevons. 
de f l ec t ion  of both elevons i n  t h e  same d i r e c t i o n  and la teral  con t ro l  was 
obtained by def lec t ion  of t h e  elevons d i f f e r e n t i a l l y .  However, i n  t h i s  
repor t ,  elevon def lec t ion  f o r  longi tudina l  and lateral  con t ro l  i s  r e f e r r e d  
t o ,  f o r  simplicity,  as e leva tor  and a i l e r o n  def lec t ions ,  respec t ive ly .  

Longitudinal con t ro l  was obtained by 

The mss c h a r a c t e r i s t i c s  and i n e r t i a  parameters f o r  t he  normal loading 
condition with wing tanks f o r  t h e  F4D-1 a i rp l ane  and f o r  t h e  loading t e s t e d  
on t h e  model are presented i n  table I. 
dynamic similarity t o  t h s  ai,qlene st a2 n1titij.de of 15,009 f e e t  

The model w a s  b a l l a s t e d  t o  obtain 

(p = 0.001496 slug/cu f t , .  
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The XF4D-1 maxirrum cont ro l  deflections d i f f e r  s l i g h t l y  from thoze 
f o r  The F4D-1. 
t i o n s  of t h e  elevons on t h e  a i rp lane  (simultaneous movement of t h e  a i l e rons  
and e leva tors  t o  maximum def lec t ion)  is shown i n  figure 2. 
t r o l  def lec t ions  (perpendicular t o  the hinge l i n e s )  f o r  t h e  F4D-1 a i rp lane  
and t h e  def lec t io ix  used on t h e  model a r e  as follows: 

A l i n e  diagram showing l imi t a t ions  on t h e  maxlmun deflec- 

The m a x h u m  con- 

Rudder, deg . . . . . . . . . . . . . . . . . . . . . .  30 r i g h t ,  30 l e f t  
Elevators,  deg . . . . . . . . . . . . . . . . . . . .  20 up, 10 down 
Ailerons, deg . . . . . . . . . . . . . . . . . . . . .  20 up, 20 down 
Trimmers, deg . . . . . . . . . . . . . . . . . . . . .  30 up, n e u t r a l  

Results determined i n  free-spinning tunnel  tests are believed t o  be 
t r u e  values given by models within the follcwing l imi t s :  

u , & g .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fl 
@ , d e g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *l 
V , p e r c e n t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  i5 
C , p e r c e n t . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  f 2  

fi-z 
tl 
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. . . . . .  Turns f o r  recovery obtained from motion-picture records 

. . . . . . . . . . . . . . . .  Turns f o r  recovery obtained v i sua l ly  

The preceding l M t s  may be exceeded f o r  c e r t a i n  sp ins  i n  which it i s  
d i f f i c u l t  t o  con t ro l  t h e  m o d e l  i n  the tunnel because of t h e  high rate of 
descent o r  because of t h e  wandering o r  o s c i l l a t o r y  nature of t h e  spin. 

The accuracy of measuring t h e  weight and mass d i s t r i b u t i o n  of models 
i s  believed t o  be within t h e  following l i m i t s :  

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . . . . .  +1 
Center-of -gra-city location, percent F . . . . . . . . . . . . . . . .  kl 
Momnts of i n e r t i a ,  percent . . . . . . . . . . . . . . . . . . . . .  k5 

Controls are set with an accuracy of *lo. 

Becsuse it i s  impracticable t o  b a l l a s t  models exac t ly  and because 
models are inadvertently damaged during tests, t h e  measured weight and 
mass d i s t r i b u t i o n  of t h e  F4D-1 model var ied  from t h e  t r u e  scaled-dawn 
values as follows: 

Weight, percent . . . . . . . . . . . . . . . . . . . . . . . .  1.5 low 

Center-of-gravity location, percent 5 . . . . . . . . . .  - t o  1rearwa.rd 1 
2 
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Moment,s of i ne r t i a :  
0 Ix, percent . . . . . . . . . . . . . . . . . . . . . . . . .  l l o w  

0.0. F Iz, p e r c e n t .  . . . . . . . . . . . . . . . . . . . . . . . .  1 high 

0 Iy, percent 1 high . . . . . . . . . . . . . . . . . . . . . . . . .  0.0 0.0 
0 0  . 0 .  
0. . 

0. 
0 .  .... The model t e s t i n g  technique i s  the  same as tha t  presented i n  refer- 

ence 1. 

RESULTS AND DISCUSSION 

Model spin t e s t  results are presented i n  char t s  1 t o  3 f o r  e r ec t  
spins  and i n  char ts  4 and 5 f o r  inverted spins.  
r e s u l t s  are presented i n  t a b l e  11. A l l  results were similar f o r  the  
r igh t  and le f t  spins a r d  a re  a r b i t r a r i l y  presented i n  terms of right 
spins. 

The parachute t es t  

Erect Spins 

The spins obtained f o r  a l l  loadings were s l i g h t l y  osc i l l a to ry  and 
recoveries were sa t i s f ac to ry  when a control  technique of revers ing the 
rudder t o  fu l l  against  t h e  sp in  was accompanied by simultaneous movement 
of t h e  a i le rons  t o  full  with the  spin. The def lec t ion  of t h e  trimmers 
had l i t t l e  or no e f f e c t  on t h e  spin o r  recovery charac te r i s t ics .  Model 
results indicated t h a t  after recovery it may be possible  t o  en te r  a spin 
i n  t h e  opposite direct ion.  It is recommended, therefore ,  t h a t  a l l  con- 
t r o l s  be neutralized immediately a f t e r  recovery. The i n s t a l l a t i o n  of t h e  
tanks does not al ter t h e  recovery technique previously recommended f o r  
t h c  a i rp lane  i n  reference 1. 

Model r e s u l t s  a l s o  indicated t h a t ,  f o r  t h e  airplane,  t h e  tendency 
t o  obtain a developed spin would be increased and that recoveries,  although 
s t i l l  sa t i s fac tory ,  would be s l i g h t l y  slower when tanks were near ly  f u l l  
than when they were near ly  empty or off .  
tunnel  experience with t h i s  and other models, appeared t o  6e pr imar i ly  
due t o  mass-distribution e f f ec t s  ra ther  than t o  aerodynamic e f f ec t s .  

These e f f ec t s ,  based on spin- 

Inverted Spins 

The order used f o r  presenting the data f o r  inverted spins  shows 
controls  crossed f o r  t h e  establ ished spin ( r i g h t  rudder pedal forward and 
s t i c k  t o  p i l o t ' s  l e f t  f o r  a spin t o  ~ i l ~ t ' s  r i g h t )  a t  the r i g h t  of t h e  
chart  and s t i c k  back at  the  bottom. When controls  are crossed i n  t h e  
establ ished spin, t he  a i le rons  a i d  the  r o l l i n g  motion; when t h e  controls  
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a r e  together,  t he  a i l e rons  oppose t h e  r o l l i n g  motion. 
t he  d i r ec t ions  up and down f o r  elevator de f l ec t ion  and angles of wing 
tilt # 

For inverted spins,  

presented on the cha r t s  a r e  given with respec t  t o  t h e  ground. 

For s a t i s f a c t o r y  recovery f r o m  inverted spins with tanks i n s t a l l e d ,  
model results indicated t h a t  movement of t h e  rudder t o  a t  least neu t r a l  
would be necessary and that neut ra l iza t ion  of a l l  cont ro ls  would be des i r -  
able f o r  recovery. This technique i s  i n  agreement w i t h  t h e  recovery tech- 
nique obtained from previous tests of reference 2. . 

Parachute Results 

The parachute test  r e s u l t s  ( t ab le  11) indicated that  a 14.2-foot- 
diameter ( l a i d  out f l a t )  parachute with a drag coe f f i c i en t  of 0.71 (based 
on t h e  la id-out - f la t  diameter) and a t o w l i n e  length of 33.3 feet will be 
adequate f o r  s s t i s f a c t o r y  recoveries i n  an emergency when tanks are 
i n s t a l l e d .  
reference 1, except t h a t  t he  towline length has been increased. 
parachute w i t h  a d i f f e r e n t  drag coef f ic ien t  i s  used, a corresponding 
adjustment i s  required i n  t h e  diameter of t h e  parachute. The parachute 
towline was attached t o  t h e  a r r e s t i n g  hook t o  simulate t h e  i n s t a l l a t i o n  
on t h e  a i rp lane .  

This parachute i s  e s s e n t i a l l y  t h e  saqe as tha t  recommended i n  
If a 

SUMMARY OF RESULTS 

Based on results of sp in  t e s t s  of a 1/20-scale model, t h e  following 
conclusions regarding t h e  developed sp in  and recovery c h a r a c t e r i s t i c s  of 
t h e  Douglas F4D-1 a i rp lane  w i t h  ex te rna l  wing f u e l  tanks i n s t a l l e d  at an 
a l t i t u d e  of 15,000 f e e t  are made: 

1. Sa t i s f ac to ry  recovery w i l l  be obtained from e r e c t  sp ins  by rudder 
r e v e r s a l  accompanied by movement of a i l e rons  t o  f u l l  with t h e  sp in  ( s t i c k  
r i g h t  in a r i g h t  sp in) .  
should be neut ra l ized  immediately upon recovery. 

To avoid entering another spin,  a l l  cont ro ls  

2. The t e n d e n c y t o  sp in  w i l l  be g rea t e r  and recoveries w i l l  be some- 
w h a t  slower when tanks are near ly  f u l l  than  when they  were almost empty 
or off. 

3. For s a t i s f a c t o r y  recovery from an inverted spin,  movement of the  
rudder t o  at least neu t r a l  w i l l  be necessary and neu t r a l i za t ion  of a l l  
cont ro ls  w i l l  be desirable. 
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4. For sat isfactory recovery in an emergency, a parachute 14.2 feet . ( l a i d  out fiat) i n  diameter with a drag coeff ic ient  of 0.71 (based on the  
laid-out-flat  diameter) and a towline length of 33.3 f e e t  will be adequate. 0 ...... 

0 .  

or:.. 

0. Langley Aeronautical Laboratory, 
0 0.. National Advisory Committee f o r  Aeronautics, 

0. . 
0 .  

Langley Field, Va., December 9, 1957. 

1. Lee, Henry A . :  Free-Spinning and Tumbling Characterist ics of a 
-Scale Model of the Douglas XF4D-1 Airplane As Determined in the zd. 

Langley 20-Foot Free-Spinning Tunnel - TED No. NACA DE 346. 
RM SL?OK30a, B u r .  Aero., 190. 

NACA 

2. Klinar, Walter J., and Lee, Henry A.: Sup lementary Investigation i n  
the Langley Free-Spinning Tunnel of a l,&I-Scale Model of the  Douglas 
XF4D-1 Airplane including Spin-Recovery Parachute Tests of t he  Model 
Loaded t o  Siunilate the Douglas F5D-1 Airplane - TED No. NACA AD 3116. 
NACA RM SL55M2, Bur.  Aero., 19'5. 
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CHART 1 .-%N AND RECOVERY CHARACTERISTICS OF THE MODEL 
Recovery attempted bV sirmiltaneoue ruader  reversal t o  f u l l  aga ins t  t h e  s p i n  and ‘ movemant of a i l e r o k s  t o  ful l  w i t h  t h e  spin unless otherwise noted (recovery 

attempted Prom, and developed-spin d a t a  presented for. rudde r - fu l l -wi th  spins ,] 

- 
SPIN 

10 

- Ailerons f u l l  aga ins t  221 Ailerons f u l l  with o m %  ( S t i c k  l e f t )  ( S t i c k  r i g h t )  
c c  

Model d u e s  converted io full scak U-inner wing up D-inner wing down 

Ailerons 2 ,againat 

b , c  b,c 

SPIN 
.g c.g 

m 
c 

rn 

0 

h c i l l a t o r y  s p i n ,  range or average values  given. 
bRecovery at tempted by s l m l t a n e o u s  r e v e r s a l  of rudder t o  ful l  aga ina t  the spin 

‘Model recovered in a d ive .  
d u t e r  recovery, model s t a r t e d  spinning i n  opposite d i r e c t i o n .  
ehro  cond i t ions  poss ib le .  
f~ very o s c i l l a t o r y  sp in .  recnvery 
%ecoYery at tempted by simultaneous r e v e r s a l  of rudder t o  2/3  a g a i n s t  t h e  

%del rolled Fnvertod. then entered a dive. 

pnd movement of a i l e r o n s  t n  ful l  ii5OI wi th  the  SF^. 

s p i n  and movement or a i l e r o n s  t o  2/3 (of 200) wi th  the  sp in .  
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Airpbne Attitude Spin direction LoadingJsee table-) NO. & 

slots Altitude Trimmers Desired center-of-qmvity position 

simulated 3esiyl-~ l i a h t  c o n f i e v a t i o n  u i t h  
€IiKht iuo external  fuel tanks 2/3 full -1 Erect 

, 00 24 percent  F 15,000 ft 

0 ...... 
0 .  

e... . 0 .  
0. . 

0. 
0 .  
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CHART 2 .--SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 
oovery a t tangtsd  57 S i ! Q . I l t m e a S  ru:ke- ?everso? + o  full against  t h e  spin and 

attempted from, and developed-spin 3ata ?rese:it91 f o r ,  rudder-ful l -ui th  spins  ;I pemvemazt of a i le rons  t o  full With the s p i n  unless o t i a r u i s e  noted (recovery 

nilerona against --L 
U-inner wing up D-inner wing down 

Ailerons 4 u i t h  

260 0.31 @ 

Dsc i l l a to ry  spin. range o r  average values  given. 
bRecovery a t t e q t e d  by shmtltaneous r e v e r s a l  of rudder t o  full agains t  

'Model recovered i n  a dive. 
dVery s teep  sp in ,  recovery attempted before model reached final a t t i t u d e .  
eRecovery attempted by r e v e r s a l  of rudder t o  fu l l  aga ins t  the spin. 
Inode1 recovered in an inverted dive. 
Qecovery attempted by simultaneous reVer3Sl of rudde- t o  2 / 3  agains t  t h e  

hMdel recovered i n  a r o l l i n g  dive. 
€Steep a n d  uandering spin.  
h e r y  uanderlng spin. 

the  s p i n  and moveimnt of a i le rons  t o  f u l l  (150) u i t h  t h e  spin. 

s p i n  and movement af ailm-Ons t o  2/3 (Of ZOO) u i t h  t h e  spin. 
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CHART 3 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 
Recovery attempted by simultaneous rudder reversal to full against the 
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aA very wandering and oscillatory spin. 
bKodel recovered In a dive, then turned ln opposite hirection. 
COscillatarg S P ~ ,  range of values given. 
dRecoveries attempted by simultaneous reversal of rudder to 2 / 3  agalnst the 

spin and movement of ailerons to 2 / 3  (of 2 G 0 )  with the spin. 

recovery I 
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1 CHART 4 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MOOEL 

[Recovery atteznpted as indicated (recovery attempted from, and developed-spin data 
presented f o r ,  rudder-ful l -ui th  spins  ) ] 
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U-inner wing up 0-inner wing down 
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aOscillatory spin,  range o r  average values given. 
b"-- --.---. .,++amn+e* s ~ c ~ ~ ~ ~ ~ ~  I^y11.. ~ - - -  n:~ movement of rac ie r  to lj3 u i t h  the sp in .  

:..ode1 recovered i.7 &? inverted wide r a i iu s  steep g l ide .  C .  

I I 

recovery I 
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CHART 5 .-SPIN AND RECOVERY CHARACTERISTICS OF THE MODEL 

'Recovery atterntea as ~ n d i c a t e d  i r eccv  erj a t t em? te>  from, and aeveioped-spin 
data presented for .  rudder-full-with s;iasi] 

H 
L 

%ode1 entered an inverted dive. 
bosc i l l a to ry  spin,  range or average values given. 
CRecovery attempted by movement or rudder 10' u i t h  the  spin. 
dRecorery a t t e W t 8 d  by mvermnt of rudder 10' against tbe s p h .  
'nodel recovered in an e rec t  dive. 
'Recovery attempted by s l m l t a n e o w  movement of rudder t o  loo with the spin 

%del recovered in an aileron r o l l .  
%ecovery attempted by rudder neutral izat ion.  
iilecovery atteilrpted by sinarltaneous mmement of rudder t o  5' wi th  the Spin 

jRecovery attempted by simultaneous imvemnt uf rii2der loJ with the  W i n  and 

kvisuai.  
;mdel  entered m areot  glide. 

%ode1 recovered in an inverted dive.  
nIbdel recovered in an e rec t  glide. 
ORecovery attempted by movement of rudder t o  loo with the apin 

and movemnt of' ai lerons t o  f u l l  (l5O) with the S p i n .  

and mvement of ailerons t o  Z/3  (of Z O O )  with the  Spin .  

movemnt of ailerons t o  Z/3 (of 2b0) with the s p b .  

and mvement of ailerons t o  -%I1 with the s p l n .  

i4 
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Figure 1.- Three-view drawing of the --scale 1 model of the  Douglas 20 
XF4D-1 a i rplane as t e s t ed  i n  t h e  Langley 20-foot free s p i m i n g  tunnel. 
Dimensions are model values. 
t h e  Design Flight loading. 

Center-of-gravity posit ion shown is  f o r  
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SUFFLjEMENTARY INVESTIGATION IN TKE IANGIXY 2L-FC)OT 

FREE-SPINNING T l W L  i?F A 1/20-SCALE MODEL OF 

EXTERNAL WING FUEL "KS 

TED NO. W C A  AD 3116 

By James S. Bobman, Jr. 

ABSTRACT 

Model t e s t  r e s u l t s  indicated t h a t  s a t i s f ac to ry  recoveries from 
e r e c t  spins  can be obtained by rudder r eve r sa l  accompanied by movement 
of a i l e rons  t o  f u l l  with the  spin. To avoid en ter ing  another spin,  a l l  
controls  should be neutral ized lmmediately after recovery. For satis- 
f ac to ry  recoveries  from inverted spins, movement of t he  rudder t o  at 
lesst neu t r a l  w i l l  be necessary and neut ra l iza t ion  of a l l  controls  w i l l  
be desirable .  
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